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Changes of the adjacent discs and vertebrae in patients with osteoporotic vertebral 
compression fractures treated with or without bone cement augmentation 
Abstract 
Background Context: Although vertebral augmentation with bone cement has been 
commonly used to treat symptomatic osteoporotic vertebral compression fractures, 
relatively little is known about the impact of augmentation on the adjacent spinal 
components. 
Purpose: To determine the imaging effects of vertebral augmentation on the adjacent 
discs, the augmented vertebra, and the involved spinal segment. 
Study Design: Retrospective radiographic study. 
Patient Sample: Patients with acute osteoporotic vertebral compression fractures who 
underwent vertebral augmentation or nonoperative treatments. 
Outcome Measures: On baseline and follow-up mid-sagittal T2W magnetic resonance 
images, quantitative measurements of disc degeneration, including disc height, bulging, 
and signal, vertebral height, wedge angle, and segmental kyphotic angle were acquired. 
Methods: Lumbar spine magnetic resonance images of patients with acute osteoporotic 
vertebral compression fractures at a local hospital in Eastern China between 2010 and 
2017 were reviewed. Student’s t-tests and χ2 tests were used to examine the differences 
of baseline and changes over time between vertebrae underwent vertebral augmentation 
and those did not. Paired t-tests were used to examine the differences between baseline 
and follow-up to study the changes of adjacent disc degeneration, creep deformity of 
the vertebra and progression of segmental kyphosis. 
Results: There were 112 acute vertebral compression fractures (72 treated with 
kyphoplasty and 40 with nonoperative treatments) in 101 subjects. At final follow-up 
(mean 21.5 months), the cranial disc of the augmented vertebra decreased in height 
(p<0.001), and both cranial and caudal discs decreased in signal intensity (p≤0.02). The 
discs in the nonoperative group did not undergo such degenerative changes. For the 
fractured vertebra, vertebral height significantly decreased (p<0.01 for both) and 
vertebral wedge angle significantly increased (p≤0.01 for both), regardless of 
augmentation treatment or not. Segmental kyphotic angle significantly increased in 
vertebral fractures that underwent vertebral augmentation (p<0.001), but not in those 
underwent nonoperative treatments. 
Conclusions: Patients that underwent vertebral augmentation had more advanced disc 
degeneration at adjacent disc levels as compared to those without augmentation. The 
fractured vertebral body height decreased and the wedge angle increased, regardless of 
vertebral augmentation treatment or not. Vertebral augmentation may be associated 
with increased creep deformity of the adjacent vertebra and the progression of 
segmental kyphosis. 
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creep deformity, kyphosis, magnetic resonance imaging 
Level of evidence: III.  
Introduction 
As a common complication of osteoporosis, vertebral compression fractures often 
result in significant back pain[1]. Although most symptomatic vertebral compression 
fractures can be treated nonoperatively, some patients fail to respond to nonoperative 
treatments and suffer from persistent back pain or even disability[2]. Percutaneous 
vertebral augmentation with bone cement is a commonly used procedure to treat this 
subgroup of patients with symptomatic vertebral compression fractures[3]. 
Although vertebral augmentation was generally thought to be able to achieve rapid pain 
relief and quick function recovery[4-6], such effects were not observed in two high 
quality randomized sham-controlled trials[7,8]. On the other hand, vertebral 
augmentation with bone cement has been thought to potentially predispose the adjacent 
vertebra to fractures[9]. Biomechanical studies also demonstrated that bone cement can 
enhance mechanical stiffness of the augmented vertebra, and consequently alter the 
transfer of loading to the adjacent discs and vertebrae[10]. Vertebral augmentation, 
therefore, may have profound mechanical impacts on the adjacent spinal components. 
Relatively little is known about the impacts of bone cement augmentation on the 
adjacent intervertebral disc. There are theoretical concerns that the filled bone cement, 
especially that in a large volume, can impair nutrient supply to the adjacent disc and 
lead to disc degeneration[11]. In a rabbit model of vertebral augmentation, increased 
nucleus cell apoptosis and annulus disruption were observed in the disc adjacent to the 
augmented vertebra[12], evidence that vertebral augmentation may accelerate adjacent 
disc degeneration. Yet, clinical knowledge of the impacts of vertebral augmentation on 
the adjacent disc is sparse. 
Biomechanical studies revealed that the fractured vertebra may continue to deform over 
time even under physiological load[13,14]. Such a process of gradual deformation of 
the vertebra was specifically called “creep,” and was thought to associate with 
progressive spinal deformity such as kyphosis[14]. Although biomechanical studies 
reported that bone cement injection can reduce subsequent creep deformation of the 
fractured vertebra[15], a gradual decrease of vertebral height was observed in 
approximately half of the clinical cases underwent vertebroplasty[16]. The relationship 
between vertebral augmentation and vertebral creep thus needs further investigations. 
Using a sample of routine magnetic resonance (MR) images from a local hospital, the 
current study aimed to determine the effects of bone cement vertebral augmentation on 
the adjacent discs, the augmented vertebra, and the involved spinal segment.  
Methods  
Study subjects 
Data were collected at a local hospital in Eastern China. At this hospital, baseline MR 
imaging was performed at the first visiting for patients with acute osteoporotic vertebral 
fractures (≤ 4 weeks), and the patients were first treated with various nonoperative 
therapies. For those older than 55 years and whose back pain lasted for 3 weeks or more 
were indicated for unilateral percutaneous kyphoplasty under local anesthesia. After 
routine vertebra biopsy, the surgery was performed by a single spine team and typically 
2-4 ml polymethylmethacrylate (PMMA) was injected.  
By searching the picture archiving and communication systems (PACS), all patients 
with a diagnosis of thoracic or lumbar vertebral compression fractures between Jan 1st 
of 2010 and Dec 31st of 2017 were screened to recruit study samples. Ethical permission 
was obtained at the author’s institution. Informed consent was waived by the ethical 
review boards as this is a retrospective radiological study. 
Inclusion criteria were: 1) older than 55 years; 2) a clear radiological diagnosis of acute 
vertebral compression fractures at T11-L5 spinal level with baseline MRIs, treated with 
either kyphoplasty vertebral augmentation or nonoperative treatments; 3) with follow-
up MR imaging performed at least 3 months after the baseline imaging; 4) AO 
classification type A1 compression vertebral fractures[17]; 5) non-pathologic fractures, 
as confirmed by biopsy; 6) without a history of lumbar spine surgery. 
Exclusion criteria were: 1) younger than 55 years; 2) without follow-up MR images or 
follow-up MR imaging conducted within 3 months; 3) AO classification type A2-4, 
type B or C vertebral fractures, which were with obvious disruptions of the disc or 
posterior elements[17]; 4) specific spine diseases such as malignancy and infections; 5) 
history of lumbar spine surgery.  
On the basis of percutaneous kyphoplasty vertebral augmentation, subjects were 
divided into vertebral augmentation group and no vertebral augmentation group. 
Baseline and follow-up MR images were downloaded in DICOM format for analysis. 
The patients’ information was anonymized and de-identified prior to any data analyses. 
MR protocol 
MR imaging was performed using a 1.5 Tesla scanner (Achieva, Philips Medical 
Systems Corp, Netherland). Sagittal T1-weighted (T1W) images were acquired using 
fast spin-echo (TSE) sequence with repetition time (TR) of 400 ms and echo time (TE) 
of 7.8 ms. The sagittal T2-weighted (T2W) TSE was with a TR of 3500 ms and a TE of 
120 ms. Fat suppression images were acquired using spectral attenuated inversion 
recovery (SPAIR) sequence (TR 3500 ms, TE 60 ms). Section thickness was 4 mm, and 
intersection gap was 3.6 mm. The matrix size was 336×228, and field of view was 
150×150 mm.  
Evaluation of vertebral compression fractures 
A senior radiologist (18-year practice experience) reviewed all the baseline MR images 
to evaluate the presence or absence of acute vertebral compression fractures. Using 
image program Mimics (Version 20.0, Materialise Corp, Belgium), acute vertebral 
compression fractures were defined as vertebral collapse or the presence of fracture line 
within the vertebral body, with significant vertebral marrow edema (increased signal on 
T2W or SPAIR sequences)[18] (Figure 1). 
Measurements of disc degeneration  
The discs immediately adjacent to the fractured vertebra were defined as cranial or 
caudal adjacent discs, respectively. In addition, the disc proximally neighboring to the 
fractured spinal motion segment was also measured and taken as an internal control 
(Figure 2A). 
Using Mimics, quantitative measurements of disc degeneration, including disc height, 
disc bulging, and cerebrospinal fluid (CSF) adjusted disc signal, were acquired on the 
mid-sagittal T2W MR images[19]. Disc height was defined as the mean of anterior, 
middle and posterior heights of the non-convex portion of the disc (Figure 2B). Disc 
bulging, including anterior and posterior bulging, was measured as the area of the disc 
portion that exceeds the anterior or posterior edges of adjacent vertebral bodies (Figure 
2C). Disc signal measurements were sampled in the anterior, middle and posterior 
regions of the nucleus pulposus, which were further averaged and adjusted using 
adjacent CSF signal intensity[20] (Figure 2D).  
Vertebral creep deformity and kyphotic angles 
Vertebral heights, defined as the mean of anterior, middle and posterior heights of the 
vertebral body, were acquired for the fractured vertebra and two adjacent vertebrae on 
the mid-sagittal T2W MR images (Figure 2E). Height of the fractured vertebra was 
further adjusted using the average heights of two adjacent vertebrae. Creep deformity 
was then examined by comparing the vertebral heights measured at baseline and follow-
up. 
On the mid-sagittal MR image, vertebral wedge angle was measured for the fractured 
vertebra (Figure 2F). Segmental kyphotic angle was measured for the spinal motion 
segment which consists of the fractured vertebra and two adjacent vertebrae (Figure 
2G).  
Reliability study 
MR images of 20 subjects were randomly selected and repeatedly evaluated by two 
orthopedic residents 2 weeks apart to examine intra- and inter-rater agreements for 
various measurements. 
Statistical analysis 
Statistical analyses were performed using Stata (version 13.0, Stata Corp LP, TX, USA). 
Data were presented as mean ± standard deviation (SD), and the significance level was 
set at p<0.05. Intra-class correlation coefficient (ICC) was used to examine 
measurement reliability. Student’s t-tests and χ2 tests were used to examine the 
differences of baseline and changes over time between vertebrae underwent vertebral 
augmentation and those did not. Paired t-tests were used to examine the differences 
between baseline and follow-up to determine the effects of vertebral augmentation on 
the adjacent discs, the augmented vertebra and the involved spinal segment.   
Results 
In the defined period, 101 subjects (31 men and 70 women, aged 71.6±8.5 years, range 
55-90 years) who met the inclusion criteria were included in the current study. Among 
them, 9 subjects had 2 discrete vertebral fractures, and 1 subject had 3 discrete vertebral 
fractures. As a result, there were 112 acute vertebral compression fractures, among 
which 72 (62.0%) were treated with unilateral percutaneous kyphoplasty and the 
remaining 40 (38.0%) were treated nonoperatively. There was no statistical difference 
in age, gender ratio, body mass index, and spinal level between vertebral augmentation 
and no vertebral augmentation groups. The follow-up time was 21.5±15.3 months 
(range 3 to 65 months). On average, the patients without vertebral augmentation 
treatment were followed up 6.4 months longer than those underwent vertebral 
augmentation (Table 1).  
Measurement reliability 
Based on ICCs, the intra- and inter-rater agreements for various measurements were 
good or excellent (Table 2). 
Adjacent disc degeneration 
At baseline, there was no statistical difference in disc height and signal between 
vertebral augmentation and no vertebral augmentation groups (p>0.05). While the discs 
cranial to the bone cement augmented vertebrae significantly decreased in height at 
follow-up (p<0.001), those adjacent to the fractured vertebra without augmentation 
treatment did not (p=0.10). The disc caudally adjacent to the augmented vertebra 
decreased in height but did not reach statistical significance (p=0.07).  
While both the cranial and caudal discs adjacent to the augmented vertebra decreased 
in signal at follow-up (p<0.05 for both), those adjacent to the fractured vertebra without 
augmentation treatment did not have significant signal loss. No significant change of 
adjacent disc bulging was observed in both groups (p>0.05 for all).  
The internal control discs in both vertebral augmentation and no vertebral augmentation 
groups slightly decreased in height at follow-up (p=0.004 and 0.03, respectively), but 
did not have statistically significant changes in signal intensity and bulging (Table 3). 
Vertebral creep deformity and segmental kyphosis 
At baseline, the adjusted height of the fractured vertebra in vertebral augmentation 
group was greater than that in no vertebral augmentation group (p<0.05). At follow-up, 
for the fractured vertebra, adjusted vertebral height significantly decreased (p≤0.01 for 
both) and vertebral wedge angle significantly increased (p≤0.01 for both), regardless of 
vertebral augmentation treatments or not. Moreover, the changes in vertebral height 
(p=0.15) and vertebral wedge angle (p=0.46) were not statistically different between 
augmentation and no augmentation groups. The vertebra caudal to the augmented 
vertebra significantly decreased in height (p=0.003). Segmental kyphotic angle 
significantly increased in subjects who had vertebral augmentation (p<0.001), but not 
in those without vertebral augmentation treatments (Table 4).  
Discussion 
Using quantitative measures, the current study revealed that vertebral augmentation 
with bone cement had profound impacts on the involved spinal motion segment and its 
components. Vertebral augmentation led to signal loss and height decrease in the 
adjacent discs, suggesting that vertebral augmentation with bone cement can accelerate 
adjacent disc degeneration. Contrast to previous views, the current clinical data 
suggested that the fractured vertebral body height decreased and the wedge angle 
increased, regardless of vertebral augmentation treatments or not. Furthermore, 
vertebral augmentation may associate with increased creep deformity of the adjacent 
vertebra and increased segmental kyphosis.  
Although vertebral augmentation procedure is commonly used in clinical practice for 
treating osteoporotic vertebral compression fractures, impacts of vertebral 
augmentation on the adjacent discs remain unclear. Although it has been noticed that 
vertebral augmentation may promote adjacent disc degeneration[21], such finding was 
not confirmed in another study[22]. Other than small sample size and short follow-up 
time, evaluation of disc degeneration with Pfirrmann scale may be a reason, as this 
qualitative scale is insensitive to detect the changes of disc degeneration over time[23]. 
Echoing a recent study using T2 mapping techniques to detect a significant loss of disc 
signal following kyphoplasty[24], the current work used routine T2W sequence and 
techniques of quantitative image analysis and observed both the cranial and caudal discs 
adjacent to the augmented vertebra underwent signal loss at follow-up. Moreover, the 
cranial adjacent disc decreased in height after vertebral augmentation, suggesting that 
profound structural changes may have occurred in the adjacent discs.  
Impairment of nutrient supply to the disc and altered local biomechanics, both resulted 
from vertebral augmentation, may contribute to the accelerated adjacent disc 
degeneration. As diffusion through the endplate is the main path of nutrient supply to 
the disc, the blockage of this pathway can lead to nutrient deprivation in the nucleus 
and eventually disc degeneration[25,26]. Filling bone cement in the trabeculae beneath 
the endplate can damage capillaries there (a process also called de-vascularization) and 
occupy the space for capillary reconstruction, resulting in impaired local 
vascularization[27]. Such vascular impairment was evidenced in our previous animal 
experiments that followed bone cement augmentation approximately half of marrow 
contact channels[28] in the endplate were without resident erythrocytes[12]. With 
decreased nutrient supply, increased proteoglycan loss and cell apoptosis occurred in 
the nucleus, which ultimately led to disc degeneration[11,12,29]. On the other hand, 
bone cement filling increased elastic modulus of the fractured vertebra and thus, can 
reflect greater stress and strain to the adjacent discs and vertebrae[30,31]. Such altered 
biomechanical environment in the involved spinal segment, therefore, may promote 
adjacent disc degeneration[32,10].  
This clinical study investigated the associations of vertebral augmentation with creep 
deformity of the fractured and adjacent vertebrae. Previous biomechanical studies using 
cadaveric spines reported that vertebral fractures can increase creep deformation of the 
fractured vertebra (particularly in the anterior portion of the vertebra) and vertebral 
augmentation can reduce such creep deformation[33]. In the current study, however, 
decreased vertebral height and increased wedge angle were observed in the fractured 
vertebra, regardless of with or without bone cement augmentation, suggesting that 
vertebral augmentation may not be able to stop creep deformation. Furthermore, a 
decrease of vertebral height was observed for the vertebra caudally adjacent to the 
augmented vertebra. Reasons underlying the increased creep deformation of the 
adjacent vertebra may be undetected microdamage there[34], increased loading due to 
vertebral augmentation[30], or both.  
Many studies reported that vertebral augmentation can reduce segmental kyphosis 
angle[35,36]. In the present study, however, segmental kyphosis progressed in those 
who underwent vertebral augmentation but not in those without augmentation 
treatments, questioning such point of view. It is possible that segmental kyphosis angle 
was temporarily correct at vertebral augmentation procedure but the correction of 
kyphosis angle cannot be maintained over time. The increase of wedge angle at the 
fractured vertebra and the decreases of vertebral and disc heights at the adjacent levels 
may all contribute to the progression of segmental kyphosis. Yet, the clinical 
significance of such kyphosis progression remains unclear. 
This retrospective radiological study investigated a relatively large sample of patients 
with acute vertebral compression fractures. Despite data were collected at a local 
hospital and all subjects who met the inclusion criteria within a defined period were 
included, there may be sampling bias as only those with severe pain which did not 
respond to nonoperative treatments within 3 weeks were indicated for percutaneous 
kyphoplasty and reasons for follow-up MR imaging remain unknown. Some factors 
which may influence study observations, including the volume of injected bone cement, 
the degree of osteoporosis, and the post-operative status of a vertebra immediately after 
augmentation procedure, were not studied due to the unavailability of related data. Yet, 
the focuses of the current study are overtime morphological changes in the adjacent 
disc and vertebra followed vertebral augmentation. While vertebral compression 
fractures can occur in any thoracic level, we only studied those involved T11-L5 
vertebrae as discs here are relatively more important in terms of disc degeneration. 
Although CT scans and standing radiographs are better than MR imaging in the 
evaluations of vertebral creep and segmental kyphosis, we used only MR images. 
Various disc degeneration phenotypes were quantitatively measured, which were more 
objective and sensitive than ordinal scales, to detect the changes of disc degeneration 
over time. Moreover, the average follow-up time was merely 2 years, which may not 
be long enough to fully illustrate the consequences of vertebral augmentation in 
neighboring spinal components. Yet, the effects of vertebral augmentation on adjacent 
disc degeneration and segmental kyphosis were apparent, even though these subjects 
were followed-up 6.4 months shorter than those who did not undergo vertebral 
augmentation. As such, greater changes in the adjacent discs and segmental kyphosis 
following vertebral augmentation are expected in long-term follow-up. As we did not 
investigate clinical symptoms, which is an obvious flaw of the current study, clinical 
relevance of study findings remains unknown.   
Conclusions 
Patients that underwent vertebral augmentation had more advanced disc degeneration 
at adjacent disc levels, as compared to those without augmentation. The fractured 
vertebral body height decreased and the wedge angle increased, regardless of vertebral 
augmentation treatments or not. Vertebral augmentation may associate with increased 
creep deformity of the adjacent vertebra and the progression of segmental kyphosis. 
Prospective longitudinal study is needed to fully understand the impacts of vertebral 
augmentation on the adjacent spinal components and involved spinal segment.  
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Figure legends 
Figure 1. Evaluation of vertebral compression fractures on MR images. A: On sagittal 
T2W images, the vertebra is slightly collapsed and there is a fracture line inside (white 
arrow). B: On sagittal T2W SPAIR MR images, there is significant edema within the 
vertebral body (white arrow), suggesting a acute fracture. 
Figure 2. Quantitative measurements of disc degeneration, vertebral body heights and 
kyphotic angles were acquired on the mid-sagittal T2W MR image. A: In this case of 
L3 fractures augmented with bone cement, L2/3 disc (*) and L3/4 disc (#) were defined 
as the cranial and caudal adjacent discs, respectively, and L1/2 disc (○) was defined as 
the internal control disc. B: The anterior (a and a’) and posterior (p and p’) edges of 
cranial and caudal endplates, and middle points (m and m’) were defined to obtain 
distance measurements of aa’, pp’ and mm’, which were averaged as a disc height 
measurement. C: Disc bulging was measured as the area of the disc portion exceeding 
anterior or posterior adjacent vertebral edges. D: Mean disc signal was sampled in the 
anterior, middle and posterior regions of nucleus pulposus by defining three equivalent 
regions of interest (green squares). The mean signal of adjacent CSF (green circle) was 
also sampled and used as a reference to adjust disc signal measurement. Signal 
measurement, thus, is a percentage ratio. E: Vertebral body heights was defined as the 
mean of anterior (aa’), middle (mm’) and posterior (pp’) heights of the vertebra. F: 
Vertebral wedge angle was measured as the angle between superior and inferior 
endplates of the fractured vertebra. G: Segmental kyphotic angle was measured as the 
angle between superior and inferior endplates of two adjacent vertebrae. 
Table 1. Summary of subjects with or without kyphoplasty 
One hundred and twelve fresh vertebral compression fractures were identified among 
the 101 subjects included in this study. 








Age (years) 72.4±9.0 70.2±7.6 0.21 
Gender (male/female)* 21/45 10/25 0.74 
Follow-up time (months) 19.2±13.2 25.6±18.1 0.03 
Body mass index (kg/m2) 22.3±4.0 21.2±3.9 0.28 
Vertebral fractures*   0.07 
T11 4 (5.5 %) 4 (10.0 %)  
T12 15 (20.8 %) 14 (35.0 %)  
L1 21 (29.2 %) 9 (22.5 %)  
L2 16 (22.2 %) 3 (7.5 %)  
L3 12 (16.7 %) 3 (7.5 %)  
L4 3 (4.2 %) 5 (12.5 %)  
L5 1 (1.4 %) 2 (5.0 %)  
Total 72  40   
Table 2. Reliability for various measurements (ICC and 95% CI, N=20) 
ICC: intra-class correlation coefficient; 95% CI: 95% confidence interval.  
Measurements Intra-rater agreement Inter-rater agreement 
Disc degeneration   
Disc height 0.89 (0.84-0.92) 0.78 (0.69-0.85) 
Disc bulging 0.70 (0.60-0.79) 0.63 (0.48-0.75) 
Disc signal intensity 0.95 (0.93-0.97) 0.91 (0.88-0.94) 
Vertebral height 0.85 (0.78-0.90) 0.82 (0.74-0.88) 
Vertebral wedge angle 0.94 (0.88-0.97) 0.80 (0.66-0.89) 
Segmental kyphotic angle 0.99 (0.98-1.00) 0.96 (0.93-0.98) 
Table 3. Measurements of the adjacent discs of the fractured vertebra with or without kyphoplasty treatment 
     Data were mean ± SD. N=72 vertebrae in kyphoplasty group and 40 in conservative treatments group.  




Cranial adjacent disc Caudal adjacent disc Internal control disc 
Baseline Follow-up P Baseline Follow-up P Baseline Follow-up P 
Disc height 
(mm) 
No 6.89±2.37 6.55±2.00 0.10 7.76±2.59 7.91±2.47 0.37 6.94±1.92 6.39±1.64 0.03 
Yes 6.10±1.70 5.63±1.71 <0.001 7.44±2.01 7.23±2.01 0.07 7.44±1.76 7.17±1.70 0.004 
           
Disc signal 
intensity (×10-2) 
No 24.74±11.17 22.57±12.36 0.27 21.48±9.53 20.26±8.66 0.32 19.09±9.20 21.84±10.63 0.09 
Yes 23.33±8.84 20.35±8.85 0.01 19.06±8.50 16.97±8.58 0.02 17.77±8.23 17.53±8.78 0.81 
           
Anterior disc 
bulging (mm2) 
No 32.21±16.74 31.74±17.33 0.81 34.74±17.55 31.91±14.91 0.25 27.06±10.25 27.13±8.98 0.97 
Yes 22.37±11.92 21.82±11.32 0.62 30.21±16.72 30.66±15.48 0.71 26.27±12.27 26.44±11.44 0.88 
           
Posterior disc 
bulging (mm2) 
No 16.09±7.15 17.03±9.40 0.41 17.15±7.84 18.88±9.35 0.29 13.72±5.99 14.03±5.86 0.77 




Table 4. Measurements of creep deformity and kyphotic angles at baseline and follow-up  1 
 2 
Data were mean ± SD. 3 












20.23±2.96 20.40±2.82 0.14 21.48±3.14 21.17±3.37 0.09 
Fractured vertebra 17.54±3.44 16.27±3.97 0.002 19.97±3.59 18.11±3.87 <0.001 
Caudal adjacent 
vertebra 
21.74±2.88 21.17±3.24 0.07 23.51±2.54 22.86±2.77 0.003 
Adjusted height of the 
fractured vertebra (%) 
84.25±17.26 78.56±17.97 0.01 90.78±15.38 83.57±17.29 <0.001 
Wedge angle of the fractured 
vertebra (degree) 
10.08±6.48 12.81±7.80 0.01 6.57±4.69 10.08±6.11 <0.001 
Segmental kyphotic angle 
(degree) 
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